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APPENDIX D
PHYSICAL CHARACTERISTICS OF SANDED GROUTS

The physical data noted in Tables D-1 through D-4 and Figures D-1 and D-2
covering the investigation of sanded grout mixtures are provided from WES Tech-
nical Memorandum 6-419 to show the sand-carrying capacity of various pumpable
mixtures as well as to furnish information regarding setting times and
strength development with age for such mixtures. The addition to these mix-
tures of such additives as retarders, accelerators, water reducers, expansive
agents, and air-entraining agents will modify the fluid properties as well as
the hardened physical properties to meet various project requirements for new
construction, remedial work, and grouting associated with research and de-
velopment experiments.
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Table o-1

Grout Pumpability Test 13ata

u

Age C0mvre88ive
m

St;ength z
pait

-=

Griut Consistency Line Pressure
Parts by

Pump Speed Discharge Grout Time of Set
Proportion by Weight mln Torque Degree psi Strokes per min Cu ft per hr Temp hr

Weip,ht of Sand Water Cement Before* Before* After* Before* After* Before* After* Before* After* F Initial Final.— .— —— —— —— —— —— —

Cement

183 65

Intrusion Aid

200 63
170 68

Hethocel

170 69

niatcaite

152 68
168 65
148 67

Bentonite

172 71
163 71
215 71
155 71
163 77
140 74

168

141
155

65 57 63

63
63

57

66
65
69

82
17
77
77
83
81

66

70*
70*

70+

70*
70+
70*

77
78
72
70+
70+
70*

?

7s
75

75

3s
45
35

8S
7s
35

725
1225

713*

24

24
23

23

18
21
19

221
271
891

..-

1570 35352

2.25
2.5

2.25

2.5
3
3.25

‘4
6

11
14
24
32

0.65

0.71
0.74

0,72

0.79
0.95
1.01

1.35
2.03
3.55
5.88
9.76

12.17

1 26

30
: 29

1 43

129

134
133

130

130
136
134

136
136
133
141
138
131

181

182
194

59
58

1400 2810
1130 2190

0.005
0.020

0.002

0.015
0.03
0.06

0.025
0.05
0.10
0.20
0.30
0.40

62 1270 2625257 165 70

63
60
67

66
71
68

1240 2650
860 1840
7.45 1900

1

1
1

29
29
31

164
148
176

191
210
212
204
206
178

147
153
147

152
148

375** 670**
175t+ 308tt

43** 634*

15 25
10 10

-— ---

23
26
24
24
29
40

70
71
75
63
64
70

74
78
79
79
88
84

190

140
145
140 500$

● Before or after 15-min interruption in pumping.
t All compressive strennth CU~ tests are the average Of three specimns unless indicated.
f Estimata.
$ Set after ho(tr shown.
I Set prior to hour shown.

** Average of six specimens.
ft Average of nine specimens.



Tablo D-2

c90918tencv
Propo rt ion by

Compress ive
Flow mne Line Pres8ure Pump speed Discharge Grout Time of Set

%nd, Z w i8bt TOraue Degree ●ec Itmi Stroho
Strength

mr ●in Cu ft wr h? Teq hr Per &nt
Pasa ing 100 Sand Ifarer @merit 8ef ore* Af te+

fls i
8efore* Aftefl 8efore* Aftefl Sefore* Afte@ &fore* Afrer* F—— —— —— — —— — Initial Fi”sl Bleed- A M

o 2.00 0.63

5 2.50 0.72
10 2.50 0.76
15 2.75 0.S2
20 2.73 0.s2
25 3.00 0.s7

Parts by Wt
oiat0aite5

0.11 3.90 1,19

0.25 5.00 1.54
0.’43 5.70 1.87
0.67 7.10 2.37
1.00 9.00 3.18

Parts by Wt
u Fly kh!

& .“ 0.11 3.10 0.s8
0.25 3.80 1.07
0.43 4.3o 1.16
0.67 5.40 1.35
1.00 6.50 1.62

Parts by Wt
ruicitef

0.11 3.10 0.94
0.25 3.80 1.11
0.43 4.30 L.27
0.67 5.40 1.67
1.00 6.50 2.04

Parta by Wt
LQeess

0.11 2.80 0.88

0.25 3.40 1.04
0.43 4.30 1.34

0.67 5.00 1.52
1.00 6.00 1.88

1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

131
137
138
129
129
133

135
141
134
134
125

134
131
131
131
131

136
136
145
125
132

129
140
128
135
133

154
171
170
168
171
230

187
161
175
203
170

174
180
172
17$
176

176
171
173
159
177

172
203
167
180
203

12
12
12
12
12
12.5

12
11

:;
11

12
12
12
12
12

12
12
12.5
12
12

11
12
11.5
11.5
12

12
12.5
13
12.5
12.5
13

12.5
12
12
12.5
12

12.5
13
12.5
12.5
13

12
13
13
13
13

12
13
12
12
12.5

173
200
150
160
160
160

140
133
140
135
120

150
160
165
155
160

142
142
152
138
135

135
155
137
147
I&s

193
200
150
165
165
160

140
135
145
150
140

160
165
170
160
165

146
140
14s
133
115

145
155
150
152
lb7

67
57
57
65
61
47

63
73
72
75
72

60
55
55
60
59

61
64
56
60
56

72
69
65
75
72

60
61
57
53
53
42

57
69
69
71
72

53
57
59
55
54

53
55
52
58
53

68
59
69
66
69

64
63
63
6S
64
53

73
81
86
87
77

67
65
6S
67
63

64
62
61
64
60

75
74
68
73
S3

60
62
58
60
59
50

69
77
S1
78
84

60
61
63
62
61

61
61
57
66
57

75
64
7s
74
71

75
72
71
73
75
74

73
74
74
75
72

73
74
72
74
73

75
71
73
72
71

76
72
74
15
75

4
4
5
4
6
h

6
‘jt
St
3?
6t

6
Zt
6t
jt
7t

3t
6
3t
6
It

5+
5
3t
3t
2t

7
8
8

12
7

Z@
21
24
24
14

21*
17$
2d
17$
26

17*
22+
6H
18
26

18+
20$

17*
18*

5&

1.2
1.6
1.7
1.7
2.7
3.5

1.2
1.1
0.7
0.4
0.4

1.5
1.7
1.6
1.4
1.3

1.8
2.3
2.3
1.5
1.9

1.3
1.4
1.7
1.6
1.2

1730
1345
1540
1420
1285
1055

585
235

150
120

55

1195
%0
800
570
435

1095
715
600
275
170

1300
845
400
385
255

3505
2805
3030
2700
2485
2120

1035
495

485
410
235

2210
1720
1270

855
715

1%5
1260
1080

575
380

2355
1610

765
665
h 10

~fore or after 15-min interruption in pumptns. m-

Set after hour shown. 00

set prior to l~~ur shwn.

Using q sand with a nminnl O per cent paaaing the No. 100 sieve.

i!I

a)~
Am



A o 1.7s 0.66
10 3.25 1.0S

: 25 7.00 1.95

Parts by 4ft
Ply hhtt

A 0.11 1.90 0.73
A 0.25 2.50 0.S0
A 0.43 3.20 1.08
A 0.67 3.80 1.21
A 1.00 5.oO 1.58

Parts by Wt
LO*sstt

A 0.11 1.90 0.74
A 0.25 2.50 0.92
A 0.43 2.90 1.05
A 0.67 3.80 1.35
A, 1.00 4.5o 1.62

%nd, X
Passing M.

100 S1W8

A 1.75 0.60
B 1: 2.00 0.72
c 25 2.25 0.83

Parta by 14t
Ply A6htt

A 0.11 1.94 0.73
A 0.2s 2.50 0.90
“A 0.43 2.90 1.03
A 0.67 3.tfO 1.24
A 1.00 4.50 1.49

1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0

1.0
1.0
1.0
1.0
1.0

125
133
232

126
126
130
129
126

131
131
141
131
129

129
233
130

128
130
136
142
132

1s9
239
355

150
335
257
256
145

161
162
177
174
178

146
Ha
168

150
149
251
163
157

12.1
12.2
12.3

12.0
12.0
11.8
12.1
12.0

11.8
12.1
12.2
11.9
11.6

12.0
IZ.4
12.3

12.2
12.3
12.3
12.3
12.5

12.3
12.7
12.3

12.4
12.2
12.3
12.3
22.3

12.2
12.7
13.0
12.7
12.4

12.3
12.9
12.9

12.7
12.7
12.6
12.9
12.9

Lkatona

137 148
237 143
353 155

133 135
137 142
140 142
140 142
140 143

140 140
140 143
140 145
13s 143
140 147

143 143
330 157
235 157

232 152
2.58 157
232 153
U5 158
253 153

60
55
56

56
54
53
54
61

59
51
53
51
55

52
5s
53

57
59
56
54
56

44
51
54

so
55
51
51
56

52
45
47
45
50

49
49
45

53
54
54
52
51

59

;;

64
62
64
62
68

64
61
63
61
65

64
60
64

62
70
66
67
69

51
56
66

59
59
59
69
65

56
56
57
55
60

62
58
56

58
67
65
64
61

70
73
71

;:
75
78
78

77
70
71
72
77

72
73
75

73
75
74
73
74

17t

18
70+

18 t

18t
17
1s
24

19
18 t
17 t
23
21

16t
21t
17t

16t
21*
17t
19
22t

0.9
1.3
1.7

0.9
0.8

0.8
0.7
0.9

0.11
1.0
0.9
1.1
1.0

1.8
1.6
2.1

1.5
2.2
1.6
2.2
1.4

1795
660
160

1650
1200

Wo
795
595

1595
%5
735
445
265

2020
1323
1265

1435
2230
106J

795
710

3780
1405

340

3370
25W

2095
19m
1325

3000
2345
1350

245
535

4565
32s0
283o

3420
2405
2190
1770
1430

● Sefore or ●fter 23-in interruption in pumping.
●* *t after hour ahOvn.

t Set prior to haur chaun.
t+ using a sand with ● nminal O per cent finer tlun the P?o. 100 sieve.



Table *4

P~ilts Snd Mborato?y Teat hta for A31 Grout Mixtures

Mxima ROOOrtiOnO

Sand—

Part# by ut
Fly hw*

B 0.11
B 0.25
B 0.43
B 0.67
B 1.00
B 1.50

Parts by -
Diatait#*

B 0.11
B 0.25
B 0.43
B 0.67

u
B 1.00

&

tind; X
PSSSIWb.

100 sieve

A o
B 10
c 25

B 10

B 10

b~ ut of P&pable
Hixturea

Sand water -men:.— —

3.00 1.03 1.0
3.75 1.1s 1.0
5.00 1.51 1.0
6.25 1.83 1.0
7.00 2.02 1.0
7.50 2.10 1.0

4.50 1.54 1.0
5.00 1.93 1.0
7.25 2.44 1.0
9.25 3.18 1.0

12.00 4.17 1.0

2.00 0.6B 1.0
3.00 0.9Q 1.0
3.50 1.00 1.0

3.25 1.10 1.0

2.00 0.82 1.0

Coon ictency Line Pre*mur*
Torque. deu

Wp speed oi~charse Crout Ti-t of Set C.mpreaa ive. . . .

Before* Af te+——

133
124
129
124
138
132

136
140
140
135
135

132
133
132

133

125

144
149
158
255
156
149

149
238
172
260
180

161
16S
165

172

168

12.4
12.4
14.1
14.2
14.6
13.7

12.3
12.5
12.8
12.0
11.9

12.2
12.5
12.5

12.9

12.0

L&stone Snd. Pddlc Hi=?

12.6 135 140 54
12.5 135 140 59
14.5 135 140 59
14.5 13s 140 57
15.5 140 140
14.3 140 140 ;;

12.4 13s 140 63
13.0 135 140 63
12.5 135 140 65
12.4 140 140 66
12.7 138 13s 66

Mtural Wnd. Cole-t* Plitir

13.0 150 163 64
13.8 160 160 59
14.0 160 160 69

50
53
47
55
57
55

62
60
65
63
64

55
50
45

Lfnstone Mnd, tileratt Mixer

13.3 160 160 61 55

Trspr.aek Snd, Mleret ● Hi=r

12.7 160 160 64 61

65
66
6B
72
70
66

72
?1
70
7s
80

74
72
67

71

71

63
64
64
70
71
66

14
76
70
70
78

65
66
62

68

71

74
75
77
7s
78
79

13
70
70
71
74

B8
90
86

86

89

,

5
h
b
4
4
3

4
4
4
3
3

3
2
2

1

6

Zltt
2fJtt
20+t
Zlltt
23
23

19tt
32tt
37ff
32++
82tt

9tt
17+t
1s+ t

17tt

9tt

1.5
1.1
1.7
1.4
1.6
0.s

1.7
1.1
0.9
0.7
0.6

1.4
1.9
4.1

2.0

1.3

1025
Soo
435
360
345
440

355
200
120

Iso
75

2095
1310

S90

965

1460

1775
1515

92S
84o
S20

1025

B05
625
395
330
255

4115
2625
1910

1650

2765
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